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The region of concern - China 

The country with the largest population 



Concentrated high anthropogenic emissions 

The region of concern - China 

OMI NO2 (Aug. 2007) 



Low biogenic emissions over polluted regions 

The region of concern - China 

MEGANv2.1 isoprene emission 



The region with the highest aerosol abundance 

The region of concern - China 

Terra MODIS AOD (550nm) 



Characterize the Photochemical Environment – 
To examine the processes (emissions, chemistry, transport) that regulate 

the observed chemical concentrations. 
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Scientific Goal 



Scrutinize chemistry 

based on observations 
Evaluating emissions and regional implications 

1-D modeling 

O3-NOx-VOCs 
photochemistry 

Dry/wet deposition 

WRF meteorology 

3-D transport 

Emission inventory 

3-D regional 

modeling 

3-D global 

modeling 

Ground, aircraft and satellite observations 

O3-NOx-VOCs 
photochemistry 

WRF meteorology 

Vertical transport 
(1-D) 

Dry/wet deposition 

O3-NOx-VOCs 

chemistry 

Dry/wet deposition 

GEOS meteorology 

3-D transport 

Emission inventory Observations 

Multi-scale modeling analysis 



  REAM-3D model evaluation – NO2 

OMI (August 2007) REAM (70km, WRF driven)  
w/inverted NOx emission by Zhao and Wang [2009] 

“Wow~ The model is perfect!” 



REAM-3D model evaluation – CO 

MOPITT (August 2007) 
REAM (70km, WRF driven)  

w/ Streets 2006 inventory [Zhang et al., 2009] 

“Not bad!” 



REAM-3D model evaluation – CHOCHO 

SCIAMACHY (August 2007) 
REAM (70km, WRF driven)  

w/ Streets 2006 VOC inventory [Zhang et al., 2009] 

“What happened to the satellite?!” 



REAM-3D model evaluation – CHOCHO 

SCIAMACHY (August 2007) 
REAM (70km, WRF driven)  

w/ Streets 2006 VOC inventory [Zhang et al., 2009] 

Consistent with global modeling results of glyoxal budgets [e.g. Fu et al., 2008]  

What is the missing source of glyoxal over China? 



What is the missing source of glyoxal? 

(Liu et al., 2012, Geophys. Res. Lett., L10812, doi:10.1029/2012GL051645) 



Glyoxal (CHOCHO)  

Tropospheric Vertical Column Density  

[Vrekoussis et al., 2009] 

A VOC oxidation product with minor primary emissions [e.g. Volkamer et al., 2005] 

Providing constraint for VOC chemistry and emissions 



A missing source of CHOCHO over China 

SCIAMACHY 

GEOS-Chem 

[Fu et al, 2008] 

∆CHOCHO  
SCIAMACHY – REAM (Aug. 2007)  

REAM CTM:  
70km; WRF driven; Streets 2006; GFEDv2; MEGANv2.1; Explicit 

CHOCHO gas-phase chemistry; sampling at SCIAMACHY 

overpassing time (10am LT) 

1014 molec cm-2 



ATSR Hotspots 

http://wfaa-dat.esrin.esa.int/ 

An indicator of fossil fuel combustion 

 

A missing source that is anthropogenic? 

 

Spatial distribution of the missing source 



  i: the i th of the n precursors;  

Ei: Emission of the i th precursor 
                                  [Fu et al., 2007] 
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and others 0

CHOCHOC from 

CHOCHO 

from from from 

 Mostly over emission regions due to short lifetime 

 Emissions are very uncertain 

 Most reactive precursor 

     contributing the most 

 Significant only over 

southern China 

 Creating a regional  

      background of glyxoal 

 Reasonable emissions 

      [e.g. Carmichael et al., 2003] 

A Linearized Model 



Translate ∆CHOCHO into precursor emissions 
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Severely underestimated  

aromatics emission 

Translate ∆CHOCHO into precursor emissions 
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Standard Top-down 

Model results with top-down emissions 

Better agreement with  

observed aromatics  

at multiple sites; 
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Standard (Zhang et al., 2009; GFED v2) 

Top-down from CHOCHO 

How much more SOA from aromatic VOCs? 

× 5.6 

2.4Tg y-1 

13.4Tg y-1 

18.8Tg y-1 

29.8Tg y-1 

Partly explains previous underestimation of OA over the region  
[e.g. Heald, et al., 2005; Fu et al., 2011, ACPD] 

3.5Tg y-1   
SOA from  

aromatics   
[Henze et al., 2008] 

~5.5Tg y-1 

SOA 

Implications 

Other than the impacts on PAN and O3 
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